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What the aviator sees during an aircraft carrier landing at night.
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ABSTRACT

The Tri-Service Aeromedical Research Panel (TARP) Fall
Technical Meeting was held on 13-14 November 1984 at the Sherman
Inn, 224 East Garden Street, Pensacola, Florida.

Invitees were the TARP membership, the TARP member
laboratories representatives from the three services' R&D
communities, as well as other relevant military and civilian
communities. The purpose of the meeting was to provide a forum
for information exchange bhetween vision scientists and clinicians
, from all three services as well as the civilian scientific
i community. The emphasis of the presentations was on vision
; research relevant to problems affecting military aircrew
} performance. This meetinyg served to ensure close interservice
“ cooperation in vision research, and to assist in identifying
future research requitements. Topics included:

I ~Contrast sensitivity

: : ~Dark focus/night vision

i ~-Ocular motility

f ~Accemmodative flexibility

| -Depth perception

: ~Clinical visual parameters

: -Visual screening

[ -~Human factors in aviation

; ~-Dynamic visual acuity

| ~Visual performance thresholds

The two days were devoted to invited talks and discussions
within these topical areas, and concluded with a report from the
National Research Council Committee on Vision.
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WELCOME TO THE PARTICIPANTS
William M, Houk

- Captain,, Medical Corps

Z U. S. Navy

i Commanding Officer

Naval Aerospace Medical Research Laboratory

Nineteen hundred and eighty-four marks the tenth annivcorsary
of the commissioning of the Naval Aerospace Medical Research
Laboratory as an independent command conducting medical r:search
: and deVelopment n support of naval aviation, You are ccrdially
invited to join us in the manner in which we wish to celebrate,
which is to host scientific and technical information exchange
h 1ith our colleagues in the Army, Navy, Air Force, NASA, academ1a,
2d industry.

; The conference, under the charter of the Tri-Service
neromedical Research Panel, and the sponsorship of the Naval
Medical Research and Development Command, is designed to blend
the miscsion-gpecific vision reseaxch of DOD with that of other
federal agencies and civilian institutions. The National
Research Council Committee on Vision is participating actively
and will lend its considerable skill and prer+ige to our
deliberations.

Also, you are invited to explore what makes Pensacola the
finest place to live and work in the United States, and to see
the way the Navy trains its aviators of the future.

Wel-ome aboard!
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I. VISION TESTING IN OPERATIONAL ENVIRONMENTS
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VISUAL FACTORS IN FLYING PERFORMANCE

[ ——

D. Regan, Ph.D., D.Sc.

‘ Dalhousie Univ/rsity, Gerard Hall
' 5303 Morris Street, Halifax, Canada B3J 1lB6

SUMMARY

! The human visual system has several specific sensitivities
including those for visual acuity, colcr, depth, motion in depth,
motion and changing size. Different sensitivities show different
intersubject variations. Therefore, if different flying tasks
inv7olve different specific sensitivities, the same visual test
will not predict performance in all tasks; different tasks will
require different tests. A further point is that precise
discriminations of clearly-visible targets (e.g., between
different trajectories or speeds or sizes) are important in many
flying tasks, and discrimination is known to be somewhat
dissociated from sensitivity. This line of thought was tested by
comparing visual test results on pilots with their flyiag
performance in a simulator and in telemetry-tracked jet aircraft.
Tasks included restricted visibility landing, low-level flight,
and air-to-air combat. I"lying performance correlated more
closely with motion discrimination between clearly visible
targets than with threshold sensitivity measures including visual
acuity, contrast threshold and motion threshold.
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Visibilaty and invisibility: Four ways in which an object can be
visually detected

e oo
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This paper discusses visual tasks in which an observer must
respond to the presence and motion of environmental objects. In
flying tasks these objects may be other aircraft or terrain
featurcs.
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Clearly, if he is to respond to an object, the cbserver must
first detect the existence of the relevant object. It is well
known that object detection is best if the observer is looking in
the right direction and knows what object he is looking for, but
even then the object will only be detected if the physical
difference between object and background exceeds the threshold of
the particular observer's eye. An object's boundaries can be
physically defined in several ways including: (a) brightness
difference across the boundary (i.e., by luminance contrast); (b)
motion difference across the boundary (i.e., by motion contrast,
as when a tiger moves across a jungle background); (c) color
difference across the boundary (i.e., by color contrast); (4)
depth difference between the object and background (i.e., by
depth contrast, as when stereo-enhancing binoculars are used to
break camouflage). Although discussions of the target detection
question are often restricted t¢ objects defined entirely by
black-white luminance contrast, any one cf the four cues above
can, by itself, segregate an object “rom its background and allow
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it to be recognized. An important point is that the spatial and
temporal summation properties of human vision differ for the
different modes of object detection. For example, for objects
made visible by motion contrast alone, tempoial summation time is
759 msec and spafﬁfl summation area 0.16 deg“ compared with 60
msec and 0.033 deg for objects defined entirely by luminance
contrast (l). Again, small objects defined by color contrast
alone are less visible than small objects defined by luminance
contrast alone, but the reverse is true for large blurred objects
(2) L]

Knowing it is there is not enough

Although an observer must visually detect an environmental
object before a visually-guided response is possible, detaction
is only the beginning of the story. Consider, for example, the
would-be tennis player with excellent visual acuity and contrast
sensitivity who cannot distinguish between a rapidly moving ball
and one moving a little less quickly, or between a service aimed
one meter to his left and a service aimed one meter to his right.
His problems are ones of ‘iiscrimination rather than detection.
The first is a failure of speed discrimination, and the second a
failure to discriminate the direction of motion in depth. Such a
player may see the ball clearly and may even be coached to play
the correct replay; but \ hen faced with even a mnderately skilled
opponent, our would-be tennis ace is reduced to uncoordinated
impotence.

It is tr.e that early visual detection of a distant object
can sometimes be crucial in military aviation; the survival value
of seeing one's adversary before he sees you, was already evident
at the birth of air-to-air combat over the Western Front in 1914-
15, most compellingly so to the occupants of unarmed scout
aircraft, and to the artillery observer standing solitary in the
basket of a tethered hydrogen-filled balloon. Nevertheless, in
their demands on acute discriminations, many flying tasks are not
too far removed from the tennis player's problems. In air-to-air
combat between armed opponents, there may well be a period when
the adversaries can clearly see each other, and the issue is not
yet decided; this situation demands of the pilot acute and
accurate judgments of distance, speed and trajectory so that the
future position of the adversary can be anticipated. These are
not detection problems at all, but rather are problems of
discrimination. Similar considerations apply in low-level
flight, landing, aerial refuelling and formation flight.
Therefore, we suggested, intersubject differences in visually-
guided fiying performance of pilots might be partly due to
intersubject differences in the visual ability to discriminate
between different velocities, trajectories and so on (3).

Specific sensitivities in human vision

The human visual system has several specific sensitivities,
These include specific sensitivitiass to color, depth, motion,
motion in depth, and changing size. It has been proposed that
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these specific sensitivities reflect the presence of separate
functionzl subunits in the human visual pathway, and that these
F functional subunits operate approximately independently of each
other. Thus, some subjects are blind to color while retaining
| normal visual acuity, motion séensitivity, depth perception, etc.
l Again, the visual field of some subjects contains regions that
| are "blind" to stereo motion in depth while retaining normal
sersitivity to position in depth (4). At a less extreme level,
nor.nally-sighted subjects show -onsiderable variations in their
relalive sensitivity to contrast, motion, depth, changing size
and color. In the present context of visual factors in aviation,
the implication is that the value of one particular threshold
(e.4., for grating contrast detection) does not necessarily tell
us anything about other thresholds (e.g., those for motion, depth
and chtanging size).

- The hypothetical functional subunits that underlie these
specific sensitivities have been called "sets of channels” (5).
‘ The color system can be taken as a prototypical set of channels,
¥ At the earliest level the color system comprises three
] independently-functioning parallel cone mechanisms whose
- sensitivities overlap considerably., By analoyy with the color
system, it ras been suggested that the set of spatial frequency
channels crmprises sgix channels, the motion in depth set of
channels comprises four channels, the depth system comprises two
or three channels or "pools", and the changing size set of
channels ceowmprises two channels. Although the sets of channels
(e.9., coinr and depth) are supposed to operate substantially
independently, this does not always seem to be the case for
channels within a given set (reviewed in ref 5),
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The physiological butis for acute discriminations between closely
similar directions of ootion, and between closely similar
velocities, orientations, sizes and colors

In color vision it has long been known that, although the
three cone mechanisms perform only a crude analysis, analyzing
the roughly 25¢ nm of the visible spectrum into three broad
overlapping bands, color discrimination is remarkably acute; a
subject with normal color vision can easily discriminate two
colors whose wavelengths differ by only 3 nm. According to
Hering's theory of color vision, this apparent paradox is
explained by supposing that whether or not one sees a light is
determined by the most active cone mechanism(s), but color
discrimination is determined by the relative activity of the
three cone mechanisms, The acuity of discrimination will,
therefore, be limited, not by the bandwidths of the three
mechanisms, but by their noise levels., 1In particular, the
outputs of the three mechanisms are supposed to drive opponent-
color mechanisms that generate difference signals (e.g., a red-
green signal), and it is these difference signals that determine
color discrimination.
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We can once again use color theory as a prototypical
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discriminate two directions of stereoscopic motion in depth that
differ by only 0.2 deg, yet the most sharply tuned motion-in-
depth channel responds to a much broader range of directions of
about 2 deg (6,7). The surprisingly acute @.2 deg directional
discrimination can be explained if the relative activity of
motion-in-depth channels determine an individual's ability to
distinguish different directions of motion in depth (7).

This approach to discrimination can be pursued further. At
the first stage of analysis, spatial form information is supposed
to pass through multiple parallel subunits, each of which passes
a restricted range of spatial frequencies and orientations (8).
Each of these subunits or "channels" is tuned to a fairly broad
range of spatial frequencies (approximately l.4 octaves). On the
other hand, subjects can distinguish two spatial frequencies that
differ by only 2%-5%. In order to explain this disproportionally
acute discrimination of size, it has been suggested that spatial
frequency discrimination is determined by the relative activity
of neurosas tuned to different spatial rrequencies (9); and in
particular that opponent-size mechanisms exist in human vision
(1¢). A finding supporting this idea is that, after adapting to
a high-contrast grating of £ cycles/deg and § cycles/deg test
grating is less visible, but discrimination near 8 cycles/deg is
slightly improved, while discrimination is degraded near 28
cycles/deg where visibility is little affected.

Subjects can discriminate line orientations that differ by
only 0.3 deg-0.8 deg. This has been reconciled with the much
wider 14 deg-26 deg orientational bandwidths of cortical neurons,
by supposing that orientation discrimination is determined by an
opponent-orientation mechanism (11,12). Supporting evidence
includes the finding that adapting to a high-contrast vertical
grating improves orientation discrimination for vertical gratings
while at the same time rendering them less visible, and degrades
discrimination for gratings inclined at 20 deg to the vertical
while not affectiny their visibility (12).

Frontal plane motion provides a final example. The visual
system contains subunits that respond to a rather broad (about
+20 deg) range of directions of motion (13). This broad
directional tuning can be reconciled with subjects' ability to
distinguish between directions of motion differing by only a few
degrees if we suppose that directional discrimination is
determined by the relative activities of the broadly-tuned
subunits (5). Again, cortical neurons are rather broadly tuned
to speed, but animal and human subjects are able to distinguish
between speeds that differ by only 5% or so. This can be
explained if speed discrimination is determined by the relative
activities of neurons that may be broadly tuned to speed.

Specific visual tests for specific flying tasks

These channeling ideas have implications for visually-guided
flying performance. We have argued that the visual system has a
number of specific sensitivities, and that any one sensitivity
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important ‘.1 carrying out the designated flying tasks. The tests

cannot confidently be rredicted from the others. If one flying
task involves only one or two of these specific sensitivities,
then flying performanca in that task will correlate with those
one or two sensitivitia2s but not necessarily with other
sensitivities. & sec¢nd flying task that involves different
specific sensitivities will correlate with these different
sensitivities (5). A #imilar argument holds for subjects' ability
to make discriminations along different dimensions such as speed,
direction and orienta:ion. This line of argument leads to the
idea that flying perfitirmance in different tasks will be better
predicted by using different visual tests for different tasks,
rather than attempting to predict performance in all flying tasks
with a single test m&asure such as visual acuity or contrast
sensitivity (5).

A second point <«oncerns the indepandent operation of the
"sets of filters" Jdiscussed above. 1If the various sets of
filters do not operate completely independently of one another,
then learned visuval performance may degrade in a complex visual
environment, For example, a pilot might have high sensitivity to
motion in depth, and be capable of accurately holding position in
formation flight whin there is no appreciablze vibration as in
some simulators., However, if motion in depth sensitivity is
upset by simultaneous frontal plane motion, then the pilot's
formation flight performance will deteriorate when the aircrafu
is subject to vibrakion in flight.

Laboratory and airborne visual tests used in studies of flying
performance

Flying performance was compared with the results of several
laboratorv tests that were designed to measure specific
sensitivities and discriminations that seemed likely to be

were as foulows. Visual sengitivity to motion in depth was
assessed by a motion-in-depth tracking test (3,14). The subjects
observed a bright square displayed on a CRT. External circuitry
caused the gize of the square to <nange randomly. The subject's
task was to maintain the square's size constant by adjusting a
lever, The RMS error in the subject’s settings was recorded over
a 3@-sec trial period. 1In order to assess the independence of
the changing-size sensitivity, the motion-in-depth tracking test
was repeated while the square was "jittered" in the frontal plane
by a noise waveform., Superthresholl motion discrimination was
measured using an expanding flow pattern generated on a CRT. The
pattern was presented twice, and subjects were required to judge
whether the rate of expansion was faster or slower on the second
presentation, Several subsidiary measurements were also made
including visual acuity, sinewave grating contrast threshold at 5
c¢/d and coistrast threshold for motion detection.

Airborne visual tests were also carried out (15). Two
telemetered A-4 aircraft flew towards each other from a range of
25 miles, The pilot ot aircraft A was instructed to signal on
sighting ajrcraft B. The pilot ol aircraft B was instructed to
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turn sharply to left or right on hearing the signal, and the
pilot of aircraft A signalled the direction of turn of aircraft
B. Both visual acquisition distance and the separation of the
aircraft at the instant at which turn direction was signalled
were recorded.

Comparison of flying performance and visual test results

Two studies compared visual test mesults with flying
performance on the Advanced Simulator for Pilot Training at
Williams Ailr Force Base. Landing performance in restricted
visibility and formaticn flight performance correlated both with
tracking test results and with superthreshold velocity
discrimination (16,17). Pilots who were better able to
discriminate different rates of expansion of the radial flow
pattern achieved a greater proportion .. hits and misses in a
low-level flight and bombing task.

In a third study (15), flying performance was measured in
telemetry-tracked high performance jet aircraft (F-14 and A-4) at
the U, S, Marine Corps Air station, Yuma Air Combat Training
System Range (TACTS). The two flying tasks were air-to-air
combat and low-level bombing. Motion discrimination test results
correlated with bombing accuracy, confirming the simulator
findings in real flying conditions. The resuits of airborne
visual tests correlated with the win/loss ratio in air-to-air
vombat, and tracking test results correlated with the number of
missiles fired per engagement. Subsidiary tests of thresholds
for sinewave grating contrast, motion and visual acuity did not
correlate with flying performance ei:her in the simulator or in
telemetry-tracked aircraft.
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AIR-TO~AIR TARGET DETECTION
William Arthur Monaco and Paul Vincent Hamilton

Naval Aerospace Medical Research Laboratory
Naval Air Station
Pensacola, Florida 3:508-5700

SUMMARY

The purpose of this project was to compare the visual
capacities of aircrew to their target detection abilities during
air combat maneuver (ACM) training, Preliminary analyses of data
for 91 male aircrewmen indicate that high and low contrast
acuity, and lateral movement sensitivity, may be used as

. predictors of target detection ability. Vision data may be
combined with key ACM performance data to provide a meang of
assessing or predicting aircrew target detection performance.

INTRODUCTION

The purpose of this report is to summarize some of the data
collected from a vision testing project performed on Navy aircrew
members. These data were collected in conjunction with a tasking
requirement that specified the need to quantify the visual
demands of air-to-air combat and to relate thoce demands to
vigual capabilities of the participating aircrews.

E
5
¢
R
:
;
g

To accomplish this tasking requirement, a state-of-the-art
automated Vision Test Battery (VIB) was developed and installed
in a Mobile Field Laboratory, consisting of two 40-foot trailers.
These specially outfitted trailers were transported to the
Tactical Air Combat Training System (TACTS) site located at the
Naval Air Station, Oceana, VA. Eight sguadrons of aircrew
membexrs (N = 91) were examined in this Mobile Field Laboratory.
Furthermore, flight experience and peer ratings were obtained for
all participants, as well as TACTS summaries of flight and
engineering data from over 60¢ air combat training engagements.

This project represents a first attempt at relating a
carefully tailored battery of vision tests to a selected aircrew
task (target detection) in a specific operational setting (air-
to-air combat). Previous investigators have evaluated peer
rating as a subjective means of predicting target detection
performance (1), and have suggested means of refining TACTS data
to provide an objective method of quantifying target detection
ability (2,3). However, until the post-Vietnam era, there were
insufficient hardware, software, statistics, and resources
available to address the combined issues of visual capability and
performance criterion development.

Approximately eight years were required to develop the

hardware, software, and targets that make up the VTB. Two
additional years were required to test the system for functional
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and psychometric reliability. The efforts of the personnel
involved in this project would not have been successful had it
not been for the cooperation and support of the Commodore and
aircrew of FITWING ONE. Their professionalism and concern are
reflected in the volume and quality of data collected.

METHODS

Subjects Ninety-one male aircrew members (pilots) were
studied. They ranged in age from 25 to 41 years. These pilots
comprised two distinct groups. Group A consisted of 18 memkers
of the adversary squadron stationed at NAS Oceana. The group had
accumulated an average of 1888 flying hours, including an average
of 639 hours £lying ACM. They flew F-5 and A-4 aircraft on most
ACM missions. Adversary aircraft are not radar-equipped, so
Group A pilots depended solely on vision for target detection. -
Group B consisted of 73 members of seven operational squadrons,
home-based at NAS Oceana, which were participating in the Fleet
Fighter Aircrew Readiness Program (FFARP). The grcup had
accumulated an average of 1749 flying hours, including an average
of 294 hours flying ACM. They flew F-14 aircraft on all ACM
missions, and used both radar and vision to detect targets.

Vision Data Nine vision tests were selected on the basis of
their reliability (4) and their relevance to the fleet tasking
requirement. These tests were administered to all participating
aircrew members. The nine tests yielded a total of 17 vision
threshold variables. The tests were:

Central Acuity (high contrast)

Central Acuity (low contrast)

Central Acuity (low contrast) with glare
Central Spot Detection

Lateral Movement Detection (left and right)
Accommodative Flexibility (far to near)
Dynamic Visual Acuity (2¢, 50, 11¢ degrees/
sec target velocity)

* Contrast Sensitivity (.5, 1.8, 3.4, 6.0,
11.4, 22.8 cycles/deqg)

* Dark Focus

% ¥ ¥* ¥ * ¥ *

Dynamic visual acuity data were obtained for 83 pilots,
contrast sensitivity data were obtained for 59 pilots, and dark
focus data were obtained for 88 pilots. For all other tests,
data were obtained for all 91 pilots. The test designs and data
collection procedures are outlined in previous reports (5,6).

Performance Data The FFARP incorporates the use of the
Tactical Aircrew Combat Training System (TACTS), a computer-based
telemetry system which provides real-time flight information at
the first verbal utterance of "TALLYHO." "TALLYHO" is the term
used by aircrew to indicate initial target detection. Flight and
engineering data were used to obtain the "slant range" for each
sortie of each rilot at the instant of the "TALLYHO" call.
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Slant range is the actual distance (in nautical miles) separating
the observer and target aircraft, inclusive of any altitude
differences. The average slant range value for each pilot served
as the objective measure of his target detection performance.

The amount of the observer's visual field filled by the target at
TALLY HQ, termed target "angular width", was also computed for
each sortie. Angular width incorporates slant range and
information about the target aircraft's type and attitude, and
both aircraft's altitudes and headings.

In addition, peer rankings were obtained for target
detection performance on 67 of the 91 pilots. Raw ranks were
transformed to "RANKIT' values, and an average RANKIT score was
obtained for each pilot. RANKIT scorz is a subjective estimate
of target detection performance,

Data Analysis: Correlations were computed between each
vision variable (N = 17) and both performance measures for both
groups A and B, Then, for the slan: range perxformance measure,
the 73 Group B pilots were subdivided into pilots above and below
the group's mean slant range, and ccrrelations were computed
between eacu vision variable and slant range, for each subgroup.
Next, the 73 Group B pilots were subdivided using mean RANKIT
score, and the same type of analysis was repeated. Finally,
stepwise (P<@.15) and forced ("MAXR" in 8AS) multiple
regressions were conducted for all Group B pilotis using all
vision variables (except for dynamic visual acuity and contrast
sensitivity) as independent variables, and both performance
measures as dependent variables.
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RESULTS

The slant ranges for Group A pilots (X = 6.77; SD = 1.5)
and Group B pilots (X = 4.74; SD = 1l.32) were significantly
different (t = 5.7, P<.@8881). These differences are almost
completely due to differences in target aircraft size. Group A
was detecting F-14s and Group B was detecting F-5s and A-4s, and
F-14s are nearly twice the size of F-5s and A-4s. This
explanation is supported by the fact that the angular widths {in
minutes of visual angle) for Group A pilots (X = 2.4%;: SD = @.7)
and Group B pilots (X 2.13; 8D = 0.9) were not significantly
different (t = 1.2, P .1747).

non

The threshold data for the vision tests performed on the
eight squadrons of pilots are summarized in Table 1. FPFrequency
distributions for the dynamic visual acuity tests showed a
distinct pcsitive skew (i.e., a drawn-out tail at the high end of
the range of values). Many pilots whose scores were responsible
for this skew were 35 or older.

Correlaticns hetween vision variables and both of the per-
formance measures are summarized for Groups A and B in Table 2,

13

*ar » L hiT Ly \r'».\ —\..\'--,-.-(,-1
N A v S R S




Table 1. Descriptive Statistics for Vision Test Thresholds
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V.sion Test N Mean SD Range
Central Acuity, High 91 .40 N .27 to .72
Contrast
Central Acuity, Low 91 .78 .16 .50 to 1.20
Contrast
Central Acuity, Low 91 1.00 .24 .55 to 1.65
Contrast with Glare
Spot Detection ¢l .45 .28 .32 to .63
Lateral Movement, to 91 .59 .33 .19 to 2.190 -
Right
Lateral Movement, to Left 91 .67 .43 .23 to 2.77
Accommodative Flexibility 91 .29 .09 .17 to .86
Dynamic Visual Acutiy
208 deg/sec 83 3.60 2.78 1.48 to 14.96
50 deg/sec 83 7.68 7.43 1.87 to 37.70
118 deg/sec 83 15.82 14.66 2.65 to 94.99
Contrast Sensitivity
g.5 cycles/deg 59 1.57 .25 1.21 to 2,09
1.0 cycles/deg 59 1.93 .28 1.34 to 2.88
3.0 cycles/deg 59 2.30 27 1.71 to 2.96
6.8 cycles/deg 59 2.19 W27 1.71 to 3.19
11.4 cylces/deg 59 1.91 22 1.41 to 2.63
22.8 cycles/deg 59 1.29 .31 .56 to 2,03
Dark Focus 88 ~.72 .85 ~2.91 to .91
14
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Table 2. Vision variables «correlating significantly
(P<B.05) with two performance measures for Groups

A and B.
} Performance Measures
Slant Range RANKIT Score
Group A None Spot Detection
Group B Central Acuity, Accommodative
High Contrast Flexibility
:
| Contrast Dynamic Viguaal
Sensitivity (118 deg/sec)

(l1.4 cycles/deqg)

For both measures of target detection performance, above-
average pilots would have a higher-than-average slant range
score, and a positive (higher-than-average, where average = @)
RANKIT score. Below-average pilots would have the opposite
combination of scores. Analysis of subgroups of Group B pilots
divided by each performance measure (Table 3) revealed that more
vision variables correlated with performance mesasures for below-
average pilots than for above-average pilots.

i ans

Table 3. Number of vision variebles significantly (P<£08.85)
correlated with two measures of target detection
performance for Group B pilots showing “above-
average" and "below-average" performances.

a
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Performance Measure

Used For Distinguishing Above-Average Below-Average
Groups Pilots Pilots
Slant Range 4 8

RANKIT Score 1 5

When a stepwise regression analysis was perforaed on the
Group B data (see Table 4), 15% of the variance in mean slant
range scores was accounted for by three vision tests (central
acuity at high and low contrast, and lateral movement to the
left). Forcing the remaining vision variables into the model
yielded no appreciable improvement in R-squared value. When a
stepwise regression was conducted with RANKIT score as the
dependent variable, only one vision variable (accommodative
flexibility) entered the model, accounting Eor 8% of the
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variance., Forcing the remaining vision variables into the model
yielded an R~squared value of .,1937.

Fcrced (MaYR)
Reyression
(All Independent
Stepwise Regression Variables Entered)
| Dependent Independent variables 2 2
3 Variable Entering R R
e et | e o
? Slant Range Central Acuity, .1525 L1500
High Contrast
1 Central Acuity,
| Low Contrast
| Lateral Movement,
| to Left
|
' " RANKIT Score Accommodative
Flexibility .@825 | .1937
DISCUSSION

The data presented here indicate that it may be possible o
predict target detection performance from selected vision tests.
From 15-19% of the variance in performance score can be accounted
for solely by these vision test variables. When vision variables
were forced into a regression, they predicted RANKIT score
slightly better than they predicted slant range The slightly
stronger relationship between vision variables and RANKIT score
may indicate the need to identify other factors in ACM that have
a strong influence on target detection performance.

The analyses thus far performed do not consider othszr
variables known to influence target detection performance. For
example, target angular width is known to account for over 3¢% of
the variance in slant range, Furthermore, target detectability
is undoubtedly influenced by target angular velocity, target
contrast, sun angle, and other factcrs. It is essential that
further multivariate analyses be employed to identify other TACTS
variables significantly influencing target detection performance.

Pilot, flight, engineering, and environmental data have been
entered into a file on a mainframe computer. This file includes
data from over 609 sorties with over 80 variables. Analyses are
being performed on th~se data in order to define meaningful
subsets of TACTS data that can be incorporated wich vision data
to improvc and refine +he predirntive capability of the vision
tests.
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In summary, determining which measures of vicual capability
contribute to target detection performance in ACM ig¢ important to
the operational community. Inspection of the data indicates that
three vision test scores (high and low contrast acuity, and
lateral movement to the left) can predict 15% of the variability
in slant range at target detection, These data may then be
combined with other key TACTS variables to provide squadron COs
with useful tools for assessing or predicting the target
jetection performance of their aircrew. In addition, these tests
may previde insight for vision training programs for aircrews
and may influence enginecring specifications for future avzon10°
development.
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Subsequent reports will outline progress toward refining the
TACTS performance measure (slant range), and progress toward
adapting the Vision Test Battery for other operational tasking
requirements.,
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CONTRAST SENSITIVITY: RELATING
VISUAL CAPABILITY TC PERFORMANCE

Major Arth.r P. Ginsburg, USAF

Air Torce lLc.uspace Medical Research Laboratory
Wright-Patterson Air Force Base, Ohio 45433-6573

SUMMARY

This report summarizes a seven year program conducted by the
AFAMRL Aviation Vision Lab that demonstrates an approach to
create new performance related vision standards. Certain
limitations of present methods of visual assessment using acuity
are shown to be overcome using a more complete vision test:
contrast sensitivity an automated contrast sensitivity test is
compared to other test candidates in terms of stability,
reliability and repeatability. An optimum test resulting from
the previous criteria was used to collect large civilian and Air
Force pilot contrast sensitivity data. Individual differences in
pilots’ contrast sensitivity are shown to predict sinmulated air-
to-ground target detection and actual ground-to-air target
detection. Finally, recommendations are given for the creation
of vision standards based upon this research program.

Standard Vision Testing - Existing visual standards for
. pilots are based on their ability to see high contrast black and
!l white letters or symbols on an eye chart. Although visual acuity

is a good measure of the optical focusing characteristics of the

eye, it is primarily a measure of visual quantity, not quality.
Unfortunately, visual acuity has not related well to visual
performance in conditions requiring detection of targets of
different size and contrast., Current eye charts with only one
high level of black and white contrast are not sensitive to how
we see different size targets of different contrasts. The
auditory equivalent to a high contrast eye chart would be a
hearing test with only one high level of loudness for all sound
frequencies tested, hardly a sensitive hearing test. Obviously
good optical quality is desired, but a more sensitive vision test
is needed to test the total visual system including the
retina/brain system.
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Contrast Sensitivity Testing - The retina/brain system
converts the retinal image into a visual code based primarily on
the shape and contirast of the target. Since targets come in a
wide range of different size, shape and contrast, sensitivity of
the visual system should be tested with a set of simple targets
that can represent any target size, shape, and contrast: sine
wave gratings (Fig. 1).
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A sine wave grating is a repeated sequence of light and dark
bars whose luminance profile varies sinusoidally about a mean
luminance with distance. The width of one light and one dark bar
of a grating is one cycle, or the period of the grating. The
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reciprocal of the period is the spatial frequency. Spatial
frequency is the number of cycles of the grating that occur over
a particular distance. The spatial frequency of an object can be
expressed by cycles per object dimension or more commonly, by

3 cycles per degrve of visual angle (cpd). The luminance
difference of mcdulation of the light and dark bars determines
the contrast ~r the grating. In a typical measurement for
contrast sensitivity, the contrast of the sine wave grating,
usually generated on a TV display, is increased until the bars

{ are just at the threshold of visibility and the subject reports

g

detection. Measurements are repeated for a number of bar widths
(spatial frequencies). The reciprocal of contrast threshold is

plotted as a function of spatial frequency to create a contrast

sensitivity function (CSF) (Fig. 2).

LS an ey acs acr

. Instead of using sine wave gratings to test vision, why not
use letters, sharp discs or fuzzy circles of different sizes and
contrast., patterns that look more like targets? Simply, the sine
N wave grating is a mathematically special target, and any complex
target can be duplicated from a combination of gratings, and
measuring the visual contrast sensitivity to these gratings can
give a measure of the visual sensitivity to more complex targets, :
especially when used in conjunction with appropriate models of
vision. The lower sensitivity of disks and letters as comparad
to gratings due to how the visual system processes those targets
have been shown (Fig., 1l). Just as hearing tests use sound
intensity and single sound frequencies to measure auditory
sensitivity to complex sounds, contrast sensitivity tests use
contrast and single spatial frequencies to measure visual
sensitivity to complex targets. Using contrast sensitivity
allows a linear systems approach to provide a quantitative
analysis for specifying relevant target information, visual
filter characteristics, and visual capability and performance
within a single framework having "throughput" (2).

TR T

Although contrast sensitivity provides a more complete and
sensitive measure of gpatial vision than acuity measurements, its
ability to relate to wvisual performance, such as target
acquisition, had to be shown. In general, 28/2¢ vision means that
a certain visual sensitivity exists from only about 18 to 30 cpd
(2). If our visual system had only one filter that made up the
contrast sensitivity function, then perhaps a single acuity value
such as 20/20 would adeguately describe the contrast sensitivity
function. 1Instead, there are many smaller filters, receptive
fields grouped together called channels, that comprise the : i
contrast seasitivity function (Fig. 2). Since these channels are |
almost independent from one another, high sensitivity for one
size channel does not mean high sensitivity for all other
channels. Therefore, 20/29 acuity over 18 to 30 cpd cannot
necessarily describe the sensitivity of channels below 18 cpd or
above 30 cpd. This is why some people can pass an eye chart
test, but do not see well under low contrast viewing conditions.
Decreased sensitivity to low and middle spatial frequencies can
occur in certain individuals.
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Pilots' Vision Testing - Since visual standards for pilots
are based on visual acuity, which is not sensitive to lower or
middle spatial frequencies, there may be significant individual
differences in these frequency ranges even for pilots with
similar acuity. This means that the visual capability of pilots
to see targets with larger size and lower contrast than the last
line read on their eye charts is unknown.

Thrtee Alir Force pilots at AFAMRL had their contrast

sensitivity measured in early 1979 (2,3). The surprising results
are shown in Figure 3. Although pvilot B had a lower visual ;
acuity than the other two pilots, his contrast sensitivity below
4 cpd is significantly higher than that of pilot C. The next
step was to determine if these differences in contrast

ngitivity between pilots was typical and to determine how
important the differences might be.

To determine the variability of contrast sensitivity forx
vision, large population contrast sensitivity measurements were
needed. A quick, repeatable, sensitive, and cheat-proof test for
a computer controlled video display was developed (4). This test
measures a contrast sensitivity function in about. 12 minutes, or
about the time needed fcr a hearing test., That test, used in
1980 to test 285 observers at the Dayton Alr Fair and the Aair
Force Museum, produced a large population data (5). Since then,
over 100% individuals have been tested, including over 100 Air
IForce pilots and 8¢ Alr Force Acadewmy cadets. The contrast
sensitivity differed by an average factor of over 3 over the
range of spatial frequencies tested (L to 24 c¢pd). About 10 to
15% of the population have good acuity but low contrast
sensitivity for low and middle spatial frequencies (similar to
pilot C, Fig. 3).

Contrast Sensitivity and Visual Performance - Next,
differences in contrast sensitivity were related to differences
in visual performance, Contrast sensitivity differences have
been shown to be predictive of the visibility of stationarxy
targets for the detection and identification of letters and
aircraft silhouettes in the laboratory (2). In an air-to-ground
detection study, differences in contrast sensitivity resulted in
differences in detection range (6). During simulated landings,
11 Alr Force instructor pilots were required to press a button on
detecting a MIGC ailrcraft at the end of the runway. Standard
acuity and contrast sensitivity were compared to detection
range. 'The results (Fig, 4) show that contrast sensitivity, not
visual acuity, predicts the pilots' detection range. For
example, two pilots had similar acuity under normal light
conditions, but had peak contrast sensitivities that differed by
factors of 1.4 and 2.2 under normal and low light conditions.
Although both pilots used the same detection criterion, the pilot
witn vhe higher contrast sensitivity detected the MIG at a
distance 2.4 times greater than his colleague. This difference
Lranslated into detection time differences of 21 seconds for
clear and 16 seconds for rog visibility conditicons between these

aost oand least sensitive pilovs,
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Similar results have been found in recent field studies (7).
Eigh ty—four Air Force pilots reported detection of approaching T
29 aircratt for ten field trials in visibility conditions ranging
from one-ralf mile to over 15 miles. The visual capability was
} measured using the standard acuity and contrast sensitivity tests

and correlated +u detection range., Contrast sensitivity

correlated significantly to detection raage for 8 of 10 field
trials, Visual acuity correlated in 3 of 10 field trials, one
trial with a significant negative correlation. The average
difference in detection range and time between the most and least
sensitive pilcts for all visibility conditions was 2,2 miles and
56 secounds, These differences in target acguisition capability
are important for the success of visually demanding military
ground, air, and space wissions.

> -

These results also have important implications for safety in
F " other Visually demanding tasks such as driving automobiles and
trucks. The increased detection time needed to detect a target

! due to low contrast sensitivity also produces poor visual
performance for detection of other vehicles, pedestriansg, road
hazards, and signs. One study compared the capability of young
and old adults to discriminate between two road signs in a
simulated driving task found that, even though both age groups
had siwmilar visual acuity, the older group had lower contrast
sensitivity. The younger group was able to discriminate the road
E signs at a distance 24% greater than the oider group.

:

Contrast Sensitivity and Displays - This contrast
sensitivity approach 1s not jJust limited to guantifying visual
capability, but cxtends to quantifying display/simulator systeams
as well., <Contrast sensitivity has been used to relate the
contrast losses of three different candidate heads-up displays
(HUD) for the F-16 (8,9). Although these HUDs had passed
specifications, pilot complaints about one of the HUDs required
an evaluation related to wission performance. The solution was
to measure pilots' contrast sensitivity both around and through
the HUDs. The difference between the two contrast sensitivities
provided the contrast loss, due to the HUD optical
characteristics, that was directly related to the pilots' ability
to see targets. The contrast loss was then related to differences
in detection range attributed to contrast sensitivity found from
the field trial data discussed earlier to determine performance
loss penalties. This contrast sensitivity approach suggests
unifying standards for both observers and display systems.

These results are not meant to imply that the contrast
sensitivity test equipment or test methods presented here are the
best for all test situations., Different test equipment and
methods will be useful depending upon user needs., Constraints of
guick screening for large populations, to more stringent
requirements for Jjob selection, to the highest criteria to detect
subtle visual diseases will require equipment and methodology
concomitant to those needs, Such factors as cost, test time,
ease of useability and analysis, as well as the scientific
constraints of criterion effect, stability, sensitivity, and

21

o
e R e e e
A R B o B PSR AR L oy Jnmmk; : .&f.ﬁﬂ%




R s ke’ BB T 13

e o e

SSSE LT

= Py

i
)
b
i
!

i

??; FAEANERR.

reliability will require careful consideration, For example, a
new contrast sensitivity test chart has recently been tested
(19). This chart uses photographs of gratings with different
spatial frequencies and contrast, similar to Fig. l. In less
than five minutes, this new chart can ke used to obtain a
contrast sensitivity function that compares quite closely to that
obtained using a computer~based video system and is currently
being used to measure visual changes o¢f astronauts in space.

Creating Performance Related Vision Standards - The creation
of a loss penalty due to decreased contrast sensitivity of the
HUDs points toward one way to begin creating performance related
vision standards using contrast sensitivity. Decreased contrast
sensitivity has been shown to relate to decreased target
detection range. The importance of that loss on operational
performance will depend upen the particular mission., Obviously,
high contrast sensitivity, hence good visual capability, is of
prime importance to the combat pilot, perhaps less important for
the transport pilot. This means that vision standards, in
addition to relating to clinical standards, will have to relate
to operational requirements as well. These results suggest that
differences in contrast sensitivity less than a factor of about 2
will generally not provide major differences in visual
capability. Initial analysis should concentrate on those
individuals having contrast sensitivity greater than about +@.33
from the average population. The performance of those
individuals should be tracked and tested along with their peers
to determine the extent that contrast sensitivity impacts on
mission capabilities.
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FACTORS AFFECTING DYNAMIC RESOLUTION
James B, Sheehy

Pennsylvania State University
University Park, Pennsylvania 16802

SUMMARY

The present study explored the possibility that factors in
addition to retinal image motion are involved in determining
dynamic resolution. In experiment I, retinal image motion during
pursuit enhanced contrast sensitivity for a 1 cy/deg frequency
and degraded sensitivity for a 4 and 12 cy/deg grating when )
oriented vertically. When the gratings were viewed horizontally,
in the direction of pursuit, dynamic sensitivity was less than
static sensitivity regardless of spatial frequency. In
experiment I1I, choice response time recorded during pursuit
increased as much as 70 msec while error rates increased by 10%
over stationary performance levels, The results suggest that
dynamic resolution should be considered a dual task. Dynamic
resolution is a function for the subject's static performance,
retinal image motion, and the effort required to pursue the
display.

This research was suppcrted by grant EY@3276 from the
National Eye Institute.

INTRODUCTION

For many visual tasks there is either motion ¢f the
observer, the object, or some combination of both. Without the
ability to dynamically resolve detail (dynamic visual acuity -
DVA) we would not be able to read a sign while walking or driving
a car. Pilots would have difficulty determining whether an
object was a plane or just a speck on their windscreen. In
short, without dynamic resolution we would be severely limited in
our every day lives.

The importance of DVA was recognized as early as 1938 (l).
Later studies demonstrated that static acuity was not predictive
of dynamic acuity and subjects with the same static thresholds
could differ markedly in their dynamic thresholds (2,3,4). The
decline in dynamic acuity was believed to result primarily from
retinal image motion caused by the inaccuracies of pursuit
(5,6,7). However, the few studies which used gratings instead of
optotypes as targets revealed some interesting contradictions
{8,9,10). 1In particular, resolution of a grating whose contours
were oriented in the same direction as pursuit was degraded
(8,9). In another study, contrast sensitivity continued to
improve long after pursuit eye movements had ceased to improve
(1@)., Furthermore, a non-resolution task which required the
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subject to react to the appearance of a target within the pursued
spot was also degraded during pursuit (11l).

These studies suggest that some factor in addition to

’ retinal image motion is also involved in DVA. Most studies of

| DVA have used optotypes which makas interpretations difficult.
The use of sinusnidal gratings has three distinct advantages over
optotypes: (l) gratings allow large stimulus areas tc be used
which eliminates the contribution of parafoveal viewing as a
factor, (2) since retinal image motion has been shown to shift
maximum sensitivity along the spatial frequency scale, the use of
gratings of different spatial frequencies permits the assessment
of retinal image motion, and (3) by changing the orientation of
the grating so that the contours are aligned with the direction
of pursuit, image motion can be eliminated as a contributing
variable.

Experiment I: Dynamic Contrast Sensitivity

i Experiment I assesses contrast thresholds for sinusoidal

3 gratings of three spatial frequencies oriented either vertically
or horizontally during pursuit. For the vertical orientation,

image motion caused by imperfect pursuit should enhance

sensitivity for the low while degrading the high spatial

: frequencies. However, for the horizontal orientation contrast

; thresholds should not be affected by imperfect pursuit since

! image motion would not degrade contrast. If contrast thresholds

for both orientations are elevated, then a factor in addition to

retinal image motion is involved in determining resolution.

METHODS

Subjects. Four emmetropes, one male and three females 21-29
years of age, served as subjects. All were naive in regard to
the hypotheses, and had no previous experience with dynamic
tracking tasks. They were paid the minimum hourly wage.

Apparatus. The sinusoidal gratings were generated on the
face of a 608 Tektronix monitor (mean luminance of 2.4 cd/m<).
Two ten-turn potentiometers connected to the Z axis allowed
either the subject or experimenter to vary grating contrast
(defined as Lmax-~Lmin/Lmax+Lmin),

The monitor was mounted on a platform/arm assembly which
moved sinusoidally through a 15.4 deg arc at a distance of 75 cm
from the subject. A mask with a seven min of arc fixation point
centered in a 3 by 7.5 deg aperture was attached to the front of
the platform. A 43.5 by 180 deg of arc matt white background
(4.6 cd/m* mean luminance) and platform covered the monitor, arm,
and pivot point. The modulated signal from a single turn linear
potentiometer attached to the arm and pivot point was recorded on
an XY plotter to assess target/arm position.
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An infrared Gulf & Western eye-trac model 2¢¢ was used to
assess eye position., The sensors were mounted on the head/chin
rest assembly, and provided a resolution of approximately 10 min
of arc. The second channel of the XY plotter recorded movements
of the left eye.

Procedure. All subjects participated in four exp-rimental
sessions., During the first 1.5 hr session, the eye movement
monitor was adjusted and calibrated, and the subject's tasks were
explained. After this, using the method of adjustment, the
subject practiced setting thresholds for the three sinusocidal

gratings (1, 4, and 12 cy/deg). Subjects were instructed to use
a just-visible criterion.

The three remaining Zz-hr sessions were devoted to data
collection. The subject was exposed to a single temporal
frequency per session (.23, .46, or .91 Hz; the average )
velocities in deg/sec are 3.5, 7.8, and 14.0). The subject set
six thresholds (3 ascending, 3 descending) for both orientations
x of each spatial frequency fcr each temporal frequency. Six
{ stationary thresholds were recorded for each spa+1a1 frequency.
After every threshold the total available Zz axis modulation was
varied to control for response biases. Subjects were given a
break after every six thresholds. Temporal frequency, spatial

frequency, and grating orientation were counterbalanced among
subjects.

Movements of the left eye were recorded for three out of
every six thresholds set by the subject. The eye movement
monitor was rezeroed and calibrated after every break.

RESULTS

Fig. 1 1illustrates the average gain of pursuit as a
function of temporal frequency for the two orientations of the
gratings. The average gain did not differ as a function of
grating orientation (F(1,3) = .24, p= .2¢), however, there was a
significant reduction in gain as temporal frequency increased
(F(2.6) = 7.59, p= .82). All interactions failed to reach
significance (p= .10).

The ratios of stationary to moving conirast thresholds for
both orientations for the three temporal frequencies as a
function of spatial frequency are shown in Fig. 2. A three
factor analysis of variance revealed a significant main effect of
spatial frequency (F(2,6) = 22.55, p= @0@l), while the main effect
of temporal frequency and orientation failed to reach
significance (p= .20). There was, however, a significant
interaction between orientation and spatial frequency (£(2,6) =
8.34, p= .05) which indicates that the two orientations of the
spatial frequencies were differentially affected by image motion,
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A two factor analysis of variance was performed for the two
orientations of the grating separately. For the vertical
orientation, the analysis revealed a significant main effect of
spatial frequency (F(2,6) = 23.05, p<.g¢1l) and temporal frequency
(F(2,6) = 6.18, p<.03), while for the horizontal orientation the
main effect of spatial frequency and temporal frequency was not
significant {(p>.20). However, the ratios for the horizontally
oriented gratings (collapsed over temporal frequency) were
significantly less than 1 (t(2) = 4.67, p<.85).

For the vertical orientation, as predicted by previous
studies, contrast sensitivity was enhanced for the low and
degraded for the two higher spatial frequencies. The horizontal i)
orientation, however, shows a general reduction in sensitivity "R
for all spatial frequencies. This overall reduction in
sensitivity is interpreted as reflecting a cost due to the effort
required to maintain pursuit. If the cost is due to an atten- .
tional capacity limit, then it should be possible to demonstrate
this cost with a response measure which is independent of
resolution.

Experiment II: Dynamic Response Time

Experiment II employs three choice reaction time tasks in
order to determine if the cost during pursuit is due to an
attentional capacity limit imposed by the pursuit system. The
tasks were a two choice left-right task with compatible response
mapping, a luminance increment/decrement task of a single red
light emitting diode (LED), and a luminance increment/decrement
of a 3 by 7.5 deg area of the 608 monitor. The monitor task
insures that changes in response time are related to off-axis
viewing (14).

ME{'HOD

The subjects and the basic apparatus were the same as in
experiment I with the following exceptions.

Apparatus. An Apple IlIe computer was used to present the
stimuli and record the reaction times. The arm rest which
previously held the subject's potentiometer was modified to hold
a two key response pad. The mean luminance 1§vel of the monitor
in the increment/decefment task was 2.39 cd/m“, which either
stepped to 3.25 cd/m“ (increment) or to 1l.35 cd/m (decrement).
The monitor w is replaced with a two LED display centered in the
aperature along the horizontal meridian for the two choice and
increment/decrement LED tasks. The LEDs were separated by 1 deg
of visual arc. The mean luminance level for the_ LEDs was .86
cd/m“, Mean incremental luminance was 1572 cd/m“, and the mean
luminance for the decrement was .48 cd/m<.

Procedure. The second experiment consisted of three one-hr
sessions. The subject was informed which task they would perform
during the session and received 100 stationary practice trials.
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Subjects performed a total of 60 stationary trials and 40 trials
per temporal frequency. Trials were grouped in blocks of 2@ with
a short rest period between blocks.

Median response times were used in the analyses. Response
times associated with errors and any response time less than 100
or greater than a 1000 msec were discarded. Average gain was
based on 15 randomly selected pursuit samples for each temporal
frequency for each task. Temporal frequency, task type, and
response mapping for the increment/decrement tasks were
counterbalanced among subjects.

RESULTS

The average gain for the three tasks as a function of
temporal frequency is shown in Fig., 3. A two factor analysis of
variance demonstrated that gain did not differ among the tasks
(F(2,6) = ©.59, p>.20), however, gain did decrease with
increasing temporal frequency (F(2,6) = 5.00, p<.¢5) as was
observed in experiment I. The interaction failed to reach
significance (p>.28).
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Figure 3. Average gain as a function of temporal frequency

for the three choice respouse tasks.
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Fig. 4 illustrates the relationship between response time
and temporal frequency for the three tasks. A two factor
analysis of variance revealed a significant increase in response
time as a function of task type {(F(3,9) = 12.19, p= .00081), and
temporal frequency (F(3,9) = 11.08, p= .662). -The interaction
reached significance (F(6,18) = 2.68, p= .05) which indicates
that the three tasks were differentially affected by temporal

frequency.
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Figure 4. Mean response time as a function of temporal frequency for the
three cholce response tasks.
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Error rates for the three tasks as a function of temporal
frequency are presented in Fig. 5. A two factor analysis of
variance revealed a significant increase in error rate as a
function of task type (F(2,6):= 6.9¢, p= .0#2) and temporal
frequency (F(3,9) = 3.5&, p= :06). The interaction, however,
failed to reach szgnlffcanve (p= .20). :
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Figure 5. Mean percent error as a function of temporal frequency

for the three response tasks.

Experiment II demonstrates a cost associated with pursuit
for tasks which place minimal demands on resolution. The
increase in response times is not due to off-axis viewing, at
least for the monitor task. Therefore, it may be concluded that
the cost for these tasks results from the effort of maintaining
pursuit.
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DISCUSSION

The data from the present experiments demonstrates in
accordance with other studies that contrast sensitivity can
either be enhanced or degraded by image motion depending on
spatial frequency. 1In addition to the effect of retinal image
motion, the data demonstrates that an additional factor is
involved in dynamic resolution., The results from the choice
response tasks demonstrates an attentional capacity limit
independent of resolution which is imposed by the pursuit even
for a well practiced, predictable target motion. Dynamic
resolution should, therefore, be considered a dual task with both
components demanding part of the total capacity. ‘As pursuit
demands increase less capacity will be available for the
secondary task, whether it be resolving a target or reacting to
the appearance of a target.

The present experiments utilize predictable repetitive
target motion which lessens the pursuit demands normally
encountered outside of the laboratory. It is likely that as
target velocity increases and target motion becomes less

predictable, or as uncertainty increases the observed effects
would exacerbate.
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THE YING AND YANG OF VISION IN AIR COMBAT
LCDR C. J. Heatley III

VF-124, U. S. Navy
Miramar, California 92145

LCDR Heatley's briefing included more than 18¢ color slides
which cannot be reproduced here. He used them to illustrate the
history of aircraft camouflage and its parallels in the animal
kingdom. The members of the TARP were also presented with some
of the unique problems encountered when camouflaging aircraft, as .
well as a look at how paint schemes work, For further "
information please see the Fall 1980 issue of the TOPGUN Journal,
or call LCDR Heatley at VF 124 operations: Autovon 959-3381.

"Lose sight - lose the fight"; an axiom in fighter aviation
which has been written in blood. Gaining the first tally (visual
contact) and maintaining it has ‘always been the most important
ingredient for success in aerial combat. The leading German ace
in World War II flamed virtually all of his 352 victims before
they even knew he was there., Over Korea, Vietnam, Egypt and
Syria, this lesson remained paramount.

Today, the Fighter Weapons School instructors preach it, it
is in all the tactics manuals, and the veterans know it to be
true; YOU MUST MAINTAIN SIGHT OF THE BOGIE!

If it is so critical to keep sight of the enemy, why isn't
it just as critical to make the enemy lose sight of us?
Scientists are working on new aircraft designs and special
coatings which reduce the radar return, Efforts with paint and
shielding to reduce the infrared signature are also underway.
What is lacking is the same effort in the visual/electro-optic
arena. Perhaps fooling the MKl, Mod @ eyeball with a camouflage
paint scheme is not high-tech enough to receive the proper
emphasis.

Ironically, it is the new technology that will bring air
combat tactics full circle again, back to the visual engagement.
Airborne radars and missiles which operate and kill far beyond
visual range can be jammed, cluttered with chaff, or deceived by
electronic countermeasures. In fact, operators may choose to
leave the radars off so as not to provide a target fur enemy -
anti-radiation missiles or signal an alert on his radar-warning
receiver.

In this scenario, our 4@ million dollar fighter is now
dependent upon a couple of pairs of eyeballs to find the bogies.
Would formal vision training help these men? Can knowledge of
dark focus, contrast sensitivity, scanning techniques, dynamic
resolution, accommodation and oculomotor performance make a
difference in air combat?

38

e W
o

{*[r’ffﬁ§¢{h(*{f{{;i‘ﬁ{{{ﬂ{gix'fJ‘ RARS
b e e i s P S T

AR N N Y R R NCANT
(L (ORI PRI L
‘{‘, Ry o ;\“?‘ ¥ \‘\,QB." T




=]
|
1
|
[

Meanwhile, those bogie drivers are looking for us! The only
protection we have against visual detection by the enemy is a few
gallons of paint. Is the paint we wear on our aircraft the most
effective camouflage available today? Camouflage has always been
considered an art rather than a science. Hopefully, some of the
people in this room can attack this problem from a physiological
standpoint; what the eye cannot see. h

We know that vision has a profound effect on the
survivability and lethality of our fighter pilots. Let's enhance
ours and degrade theirs.
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THE EFFECTS OF HAZE AND GLARE ON VISUAL CONTRAST
SENSITIVITY - PRELIMINARY RESULTS

Isaac Behar, Ph.D.

U. S. Army Aeromedical Research Laboratory
Sensory Research Division
Fort Rucker, Alabama 36362-5000

SUMMARY

In order to provide an estimate of visual degradation
produced by slightly turbid transparencies (e.qg., windshield,
vigsor, or protective mask) placed bufore the eyes, the visual
contrast sensitivity function (CSF) was determined in five
observers with vision unobstructed and with transparencies in
place having nominal haze values of #.5 to 20%. The CSFs were
obtained both with an off-axis glare source and without. The
forward light scattering produced by hazy transparencies can
impair vision by reducing luminous transmittance, by reducing
resolution, and, particularly in the presence of an off-axis
glare source, by reducing target contrast. In the absence of
glare, transparency haze effects were slight and involved only
the highest spatial frequencies. The glare source itself reduced
contrast sensitivity (except for @.5 cpd; resulting from
intraocular light scattering) and further reduction with the
transparencies in place could be well accounted for by the
veiling luminance which they produce.

INTRODUCTION

In principle, the optical quality of transparencies needed
to support the high visual requirement of military aviation is
assured by military specifications and standards (1,2); however,
according to Grether (3), "In actual practice, the standards
which exist are rather arbitrary, and are based to a considerable
extent on what the industrial production technology can provide"
(pe 19). Evidence for this assertion is afforded by the wide
range of acceptable haze levels, from 8.5 to 6%, found in various
specifications (4).

Very little research has been conducted to determine the
visual penalty of viewing through hazy transparencies as a basis
for establishing standards and specifications. Glover (5), using
the Luckiesh~Moss Low-Contrast test chart, measured visual
contrast threshold values for unobstructed vision and viewing
through transparency samples having various haze values., No data
were presented in his report nor was the criterion used to
establish permissible limits. His recommendations were: highly
desirable, 0.5%; acceptable if other rfactors take precedence, 73;
maximum value, 2%. The recommendations of more recent workers
are considerably less stringent. Shannon (6), on theoretical
grounds, recommended a maximum allcwvable haze value of 10% since
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an object contrast of .25 would be reduced to a still detectable
contrast of .02 to .95 under various illumination: conditions.
Kay (7) assessed pilot opinion abcut transparency haze while
viewing external scenes through small acrylic samples that had
varying levels of haze produced by surface abrasion. The
aviators rated each sample using a 9-point scale in which 1 was
"Good: Unaware of glass scratches" to 9 "Unsatisfactory: I would
not take off with a windshield this bad." Kay found that 80@% of
the pilots would accept haze levels of 15 to 20% before
recommending replacement. Kama, et al., (8) measured the visual
field and high contrast target detection thrésholds in the
presence of glare, viewing through transparencies having a wide
range of haze levels. Their data provide a visual performance
basis for a cost-benefit analysis of transparency replacement,

In the present study, the visual contrast sensitivity
function (CSF) for sinusoidal gratings served as the task for
assessing the visual performance loss associated with glare and
transparency haze. Contrast sensitivity is the historical method
for assessing the effects of glare (9) is currently under
consideration for assessing glare sensitivity in relation to
driver licensing (14,11), and has become the standard clinical
tool for evaluating visual effects of light scattering by the
ocular media (12-19), The light scattering produced by hazy
transparencies can impair vision in three ways: (a) by reducing
luminous transmittance, (b) by reducing resolution, and (¢) by
reducing target contrast (2¢). The contrast reducing "noise"
produced by scattered light is amplified markedly by an off-axis
(ylare) source which together with a turbid transparency produce
a uniform veiling luminance. To assess this effect, the CSF was
determined for a wide range of transparency haze levels in
conjunction with a glare source, as well as alone.

METHODS

Subjects:t Five observers, 4M and 1lF, average age 36,2
years, having 20/2¢ or better visual acuity binocularly (with
correction as needed) and no abnormalities of transparency of the
ocular media, were used.

Apparatus: Testing was conducted in a room in which all
surfaces, walls, ceiling and floor, were matte black. Room
illumination was provided by four recessed ceiling incandescent
lamps adjusted to provide 12fc at the observer's table. The
contrast sensitivity functions were obtained with a Nicolet
Optronics (82000 Contrast Sensitivity Testing System. The video
display had a mean luminance of 26.45 fL, and at the 3-meter
viewing distance, subtended 4.39° by 5.57°. This display was
surrounded by a high intensity (4300 fL) fluorescent lamp (Aristo
DA-17) which was masked so that no direct light reached the
screen, Because of the video dimensions, this glare source was
closer to the screen on top (4.5 c¢cm) than on the sides (8 c¢cm) or
bottswm (12.2 cm). The choice of a surrounding glare source
instead of a more commonly used laterally placed small glare
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source was based on the findings of Miller, et al (21). that the
former was less fatiguing and helped the subjects maintain
fixation on the centrally located target. Fig. 1 shows the
general test layout. The mean luminanc f of the display surround,
in the absence of glare, was 3.27 X 1074 fL for the narrow video
border, 2.38 X 18~ * fL for the glare light housing, and 5.16 X
1074 fL for the background wall,

The hazy transparencies, manufactured by the Rohm and Haas
Co., were 24" by 24" by .125" Plexiglas G cast acrylic sheets,
Haze measurements were made using the ASTM D1@@3-~6 standard
method and were ¢.41, 1.05, 2.77, 4.065, 10.1, and 19.34%. The
transparencies were positioned for testlng such that the eye
level distance was .46 m and the top was inclined 9° towards the
observer in order to eliminate visible reflections of the glare
source from the observer's glasses., The luminous transmittance
of the panels was measured with a Spectra Pritchard Photometer,
Model 1980A~PL, located at the observer's position with the video
display (with no grating) as the source. These measurements are
graphically presented in Fig. 2(A). The initial drop of 7.8% is
the transmittance loss, primarily due to reflection and
absorption, characteristic of .125" acrylic panels while further
loss (to about 70% transmittance for the 19.34% haze panel) is
linear with increasing haze. However, when the glare source was
on, screen luminance measurements instead increased linearly with
increasing haze; the difference between the two conditions
providing an estimate of the veiling luminance (L,) produced by
the turbid screens in the presence of an off-axis light source.
In addition, the videc display was set for a ¢.5 cpd sinusoidal
grating of about 15% contrast and the maximum and minimun
luminances were measured with each of the transparencies, from
which target contrast was calculated using the formula,

LMax = DIMin

G
i

(1)
LMax * LMin

As can be seen in Fig. 2(B), the obtained contrast values
remained essentially unchanged for all levels of transparency
haze in the absence of the glare source. Under this condition,
the transparencies behaved like neutral density filters, which
would not be expected to affect target contrast since

TXLmayx = TXLpyin T (Lyax = Emin)
C = = . (2)
TXLyax * TXLyip T (Umax * Lmin)

When, however, a uniform luminance (Ly) is added tu the screen
luminances, contrast (CG) is reduced according to the formula,
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(3)
(Lmax + Dby) = (Lyjn + Ly) LyMax — LMin

Cr = R = =
G
LMax * by * LMin"'[’v LMax ¥ DMin * 2Ly
c
2L
1+ J
LMax*LMin

Procedure: The contrast threshold was measured using a
variation of the method of increasing contrast (22); first, no
preview exposure was given, and second, instead of presenting all
trials at a given spatial frequency in a block, an intermixed
series of trials was given such that any selected spatial
frequency could occur on a given trial with the constraint that
each spatial frequency appeared once in each block of six trials,
The purposes for these modifications were to distribute transient
subjective changes (e.g., criterion change, practice, and
“atigue) more uniformly over the spatial frequencies, and by
maximizing spatial frequency uncertainty to encourage the
observer to adopt a more stable conservative criterion (23).

Five estimates of the contrast threshold were obtained for each
spatial frequency: .5, 1, 2, 4, 8, and 16 cpd, for a given
glare and transparency condition. Two conditions, randomly
determined differently for each observer, were given in a daily
test session, Five warm-up trials preceded actual data
collection for any condition, After all conditions were given
once (over seven test days), the entire procedure was replicated,
and the two sets of five threshold estimates for each observer
for each combination of glare and haze conditions were pooled.
Because of occasional outliers (perhaps anticipatory responses or
lapses of attention), the median log contrast threshold was
determined instead of the more usual geometric mean (24).

RESULTS AND DISCUSSION

Effects of Glare on the CSF: Contrast sensitivity functions
were obtained in the absence of transparency haze to obtain
baseline levels both with and without the glare source. These
CSFs, shown in Fig. 3, were evaluated using a two-way repeated
measures analysis of variance. The interaction of glare by
spatial frequency is highly significant (FS/ZG = 4,78, p=0.0049),
as 1s the spatial frequency main effect (F 2g = 77.99, p<.2@8l),
while the glare main effect was not significant (F 4<l). The
glare source reduced contrast sensitivity foxr all frequencies
examined except #.5 cpd, where a sizable improvement in
sensitivity occurred for every observer. The ratio of threshold
contrast with glare to threshold contrast without glare is shown
in Fig. 4 where it can be seen that the maximum glare effect

43

- oot
........ 4y LR

A . . . . . A PO I S . .
LR R R T S T o e T Tt et L G O T O T L F T T s A N
L\ 2, !,hﬂ&-ﬁ«\ﬁ.,&“h? NR:&' e ey T T e e e e e e T
A YT I e }.;\7‘)7\{}}‘37 -.!'}'; Frl'n n\f\.’\“)‘n’.’#‘.’ﬂ'f& BIS RS N A SRR NN KD P AR N N AR i’\j:x‘?f.('.‘ %

L1




occurred for the intermediate spatial frequencies (2, 4, and 8
cpd). Two previous studies (15,25) have examined the effects of
glare on the CSF, but neither study reported data for spatial
frequencies below 1.7 cpd. The #.5 cpd improvement with glare
cannot be explained by pupillary dynamics (mean 5.2 mm without
glare, 3.4 mm with glare) since the more optimal pupil size with
glare would be expected to affect the higher spatial frequencies
(26) .

Cohen, et al, (27) found that the surround luminance was a
major determiner of the CSF, particularly for the lower spatial
frequencies. The low frequency sensitivity was maximum when the
luminance of a 12° circular surround was equal to the mean
luminance ~f the display. Sensitivity was reduced both for lower
and higher luminance surrounds. Similar results were obtained by
McCann and Hall (28), and in one of their studies they compared
the effects relative to a dark surround of flanking luminous
fields either laterally positioned (along the direction of the
sinusoid) or perpendicular to it. Lateral flanks significantly
improved the low spatial frequency sensitivity, while vertical
flanks had no effec¢t. To determine whether the improvement at
#.5 cpd in the present study related to the improvement found in
these studies, the fluorescent glare lamp was partially masked so
thac it was visible either to the right and left of the display
or above and below it. Compared to the sensitivity with the dark
surround (20.8), sensitivity with lateral fluorescent light was
improved (26.3), with vertical unchanged (21.0).

Thus, because of the operation of a number of factors, the
magnitude of the effects of a glare soutce will vary for
different spatial frequency regions.

Effects of Transparency Haze on the CSF: The contrast
sensit1v1ty functions obtained with each of the transparencies is
portrayed in Fig. 5. The ratio of threshold contrast with the
transparencies to that without for each spatial frequency is
given in Fig, 6. There is no systematic overall reduction in the
CSF with increasing transparency haze (F6 24<1), buu the
interaction of haze level by spatial freqUency is marginally
significant (F g/120 = 1.85, p=.01; Huynh-Feldt p=.03;
Greenhouse- Geisser p-.l9), and reflects the reduction in
sensitivity for the two highest spatial frequencies with the two
highest haze levels.

Since CSFs show a greater reduction at higher than lower
spatial frequencies with decreased average display luminance
(29,30) and with blurring (12) the slight result in the present
study may be related to both the transmittance and resolution
loss with transparency haze. Measurement with a higher spatial
frequency target, perhaps 24 cpd, would be expected to show
greater haze impairment.

Effects of Transparency Haze and Glare on the CSF: 1In
comparison to the CSFs obtained without the glare source, the
CSFs obtained with glare daeclined across all spatial frequencies
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proportionately with increasing haze. The main effect of haze
was highly significant Fg /o4 = 5.36, p<.¢1l), while the
interaction of haze by spé&ial frequency was not significant
‘F3g/1z <l). The ratio of threshold contrast with transparency
haze an% glare to that with glare only is depicted in Fig. 7 and
can be seen to increase approximately linearly from 2.77% haze to
the maximum level. Returning to Fig. 4, we see that the maximum

haze and glare effect occurred for the intermediate spatial
frequencies.

The contrast sensitivities obtained with haze and glare are
replotted in Fig, 8 as a function of the level of transparency
haze. Also shown in this figure are predicted sensitivities
based on the increase in target contrast that would be necessary
to offset the veiling luminance (L), that was produced by each
combination of glare and haze. Although an estimate of L, was
provided by the luminance weasures given in Figure 2, for this
purpose the method of Clark {4) was used. The essential
difference was that the video display was replaced by a light
trap. The predicted threshold contrast was calculated from the
relationship

Cp = C X (1% ==-Zcemen ) (4)

where C, is the predicted contrast, C is the contrast at
threshoEd with glare but without haze. It can ke seen that
coriecting for the target contrast reduction produced by the
veirling luminance provides very good agreement with the obtained
values. Small systematic differences exist between predicted and

vutained values for .5 and 4 cpd, but whether these are real
differences is unknown.

General Discussion: For the conditions of the present
study, it was possible to demonstrate a systematic reduction in
the contrast sensitivity function for haze values of 2.77% and
greater. The ability to measure losses with lower haze levels
may be improved with the use of more reliable methods for
measuring contrast sensitivity such as a criterion free forced-
choice method (14). As an alternative, since the loss in contrast
sensitivity was found to be proportional to the ratio of the
veiling luminance to the average target luminance, larger effects
would have been seen if the average screen Jluminance had been
lower, or if the glare illuminance had been higher.

In order to estimate the real world effects of transparency
haze, L, was determined using the Clark method outdoors on the
afternoon of 31 Oct 84. The sun elevation was approximately 1¢°
to 16° above the horizon. A